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DEVICE FOR THERAPEUTIC PURPOSES ON HUMAN TISSUE, 
FOR INFLUENCING INJECTED MAGNETIC P ARTICLES WITH 
AN ALTERNATING ELECTRO- MAGNETIC GRADIENT FIELD. 

The present invention relates to equipment for 
changing, weakening or destroying biological structures 
in vivo and in vitro by means of a magnetic gradient 
field . 

BACKGROUND OF THE INVENTION 

Magnetism and magnetically responsible particles 
have been used for a long time in various biochemical and 
medical applications. When paramagnetic materials are ex- 
posed to an "externally alternating homogeneous magnetic 
"field, heat is generated due to hysteresis. This genera- 
tor, of heat, in particular in combination with super- 
paramagnetic nanoparticles, is used in cancer therapy anc 
\s chen referred to as magnetic fluid hyperthermia (1) - 
A cancer cell normally has a higher temperature than a 
healthy cell and therefore does not tolerate as high a 
temperature rise as a healthy cell. Thus, the cancer 
cells can be . selectively destroyed or weakened without 
affecting the host organism. An alternative r.ethod is 
chat the composition of the superparamagnetic particles 

e .,-v. tvce that cancer cells are made to take in 
said particles into the cell, whereby the tsr.perature is 
raised more efficiently in the cancer cell without any ^ 
considerable heat loss to the environment. This type cf 
therapy has been found to be promising, which is de- 
scribed', inter alia, in the patent literature (2, 2, 4, 
., ron *f mo-^ -is no clinically appro^t=~ — - — 

even « ' — 

equipment for this purpose for the time beir.g. 

\ rcp i,ran* is, inter alia, composed of lipids 

and'.fattv acids, which both have poor ther-l conduce iv- 
icv which makes it difficult to fight the target cell 
-fririentlv with only extracellular heat ger.erateo by 
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SUMMARY OF THE INVENTION 

According to the present invention, a device is pro- 
vided which solves the above-mentioned problems. Thus, a 
device is provided for increasing the thermal and/or ki- 
5 netic energy of magnetically responsible particles, said 
device containing at least two magnetic field generating 
means, of which at least one is a coil, between which 
means an alternating magnetic gradient field can be gen- 
erated in a spatially defined area, into which spatially 
10 defined area human or animal tissue can be introduced, 
said alternating magnetic gradient field causing an in- 
crease of the thermal and/or kinetic energy of magneti- 
callv responsible particles which have been added to said 
-issue, the increased thermal and/or kinetic energy of 
15 tne magnetically responsible particles selectively re- 
ducing, deactivating or destroying endogenous or exoge- 
nous biological structures in said tissue. 

In one embodiment of the invention, one of the mag- 
netic field generating means is a permanent magnet. 
2 0 In another embodiment of the invention, the device 

contains at least two coils and these coils are fed with 
alternating currents having different frequencies and/or 
amplitudes and/or phases, or alternatively said coils are 
fed with either the positive or the negative part of the 
25 fed alternating current. 

Furthermore, the device can suitably be equipped 
with a thermostat for careful temperature control of said 
tissue and/or with variable time setting for careful con- 
trol of the time during which said tissue is exposed to 
30 the alternating magnetic gradient field. 

In one embodiment of the device, the alternating 
macmetic Gradient field alternates with frequencies of up 
to 30 MHz and the field strength inside said coils 
amounts to at least 10 mT. 

The tissue which is to be treated can be a body part 
cr an inner organ or blood, which are returned to the 
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host organism after completed exposure to the alternating 
magnetic gradient field. 

The magnetically responsible particles suitably com- 
prise a core of a metal oxide and a coating containing 
antibodies or parts thereof and have a size of 0.1- 
3 0 0 nm . 

The magnetically responsible particles have been 
added to the host organism before the exposure of its 
tissue to the alternating magnetic gradient field, or 
alternatively after the tissue has been temporarily re- 
moved from the host organism. 

The endogenous or exogenous biological structures 
consist, for instance, of mammal cells, malignant cells, 
olanc cells, nerve ceils, bacteria, viruses, cellular 
15 organelles, cell membranes, cell walls, liposomes, pro- 
teins, protozoa, parasites, peptides, drugs, toxins, 
organic compounds, inorganic compounds, or combinations 

thereof . 

According to one aspect, the device is intended for 
in vivo or in vitro treatment of tumour diseases, endo- 
crine disorders or infectious diseases. 

rt? TFF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of the behaviour 
of magnetically responsible materials in one embodiment 
2 5 of the device according to the invention. 

Fig. 2 is a schematic illustration of the structure 
of one embodiment of the device according to the inven- 
tion for generating a magnetic gradient field with alter 
nating gradient direction. 

Fig. 3 is an illustration of an electronic circuit 
which can be used to feed the coils in one embodiment of 
the device according to the invention with alternating 
current . 

DSTAILSD DESCRIPTION OF THE IN VENTION 

By the present invention, a new device is provided 
for use in a completely new method which combines the 
aeneration of heat by hysteresis with a powerful intro- 
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duct ion of shearing forces. The shearing forces initiate 
dislocations in the biological structure, for instance in 
cell membranes, cell walls (in cases where the target 
cell is e.g. a bacterium) or in intracellular components 
5 due to mechanical fatigue, which causes damage in the 
structures. The method is based on the use of an exter- 
nally applied gradient magnetic field. 

Below, the invention will be described in more de- 
cail by means of the drawings, which show embodiments of 

10 the invention. 

Fig. 1 illustrates how a magnetically responsible 
particle is affected by a magnetic gradient field. With- 
out the action of an external magnetic field, the dipoles 
I in the magnetically responsible particles are randomly 

15 oriented (Fig. 1A) - When the particles are exposed to a 
homogeneous magnetic field 2, the dipoles are oriented 
according to the direction of the field (Fig. IB). When 
che direction of the homogeneous field alternates, the 
dipoles will alternate according to the field direction 

20 of the external homogeneous field. When the applied 

magnetic field is non - homogeneous , i.e. is a gradient 
maanetic field 3, the dipoles in the magnetically respon- 
sible particles will be aligned with the field direction 
ac the same time as the magnetically responsible par- 

?q rides will move towards the gradient according to 
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Fig- 1C. 



Furthermore, by alternating the direction of the 
gradient, the magnetically responsible particle can be 
brought into mechanical vibration (due to the influence 
of forces it will alternately change directions) . 

Moreover, a combination of said magnetic gradient 
field with a homogeneous magnetic field can be provided 
either simultaneously or with a time shift so that a 
better orientation of the dipoles and greater shearing 

forces can be obtained. 

The Generation of a gradient magnetic field whose 

• /— • ~i ~ "1 \ t" alfcrnpfpc; (nei'i OQlCSlly shifts) 

direction periodica^ ly aicerndL^b vt--^ -^^-^ 
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requires a device according to the invention, for in- 
stance, as illustrated in Fig. 2. The functional prin- 
ciple is based on two coils A and B (with or without a 
ferrice core) being placed opposite to each other. A 
5 control unit C controls the current through the coils so 
that only one of the coils at a time has a current 
flowing through its windings. This alternation of cur- 
rent, whose frequency is controlled by the oscillator 
{QSC: , causes the coils to alternately create the gra- 
10 dient magnetic fields D and E with different gradient 
directions. A biological structure or a magnetically 
responsible particle P located between the coils will be 
exposed :o a gradient magnetic field with periodically 
alternating direction, which will induce a mechanical 
15 vibration according to the description above. 

The present invention also comprises variants, in 
which, for instance, the current intensity or its di- 
re'.cion through the windings of the coils can be con- 
crolled so that more efficient vibrations can be ob- 
20 tained. A very useful special case is to let the gradient 
direction alternate but maintain the orientation of the 
dipoles by always letting the field direction be the 
same. This results in advantages, such as no provision of 
hysteresis (no generation of heat) , while the vibration 
25 frequency (=kinetic energy) can be increased since the 
alternation rate of the dipoles will not be limited by 
the tendency of the magnetic material to counteract the 
alternation of the dipole directions. 

It is also possible to introduce additional coils to 
30 obtain more efficient or more directional vibrations. 

Fig. 3 illustrates an example of an electronic cir- 
cuit which can be used to feed the coils in the device 
according to the invention with alternating current. The 
circuit contains an oscillator 4 based on the circuit 
35 XR2206, whose output signal 5 is amplified by a power 
amplifying step 6, which is connected in parallel and 
x d ^ n c, circuits of the type PBD 3548/1 (manufactured 
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by Ericsson) , whose output signal 7 can drive an alter- 
nating current (maximum 1 MHz, 10 A) through one or more 

coils . 

It is obvious to the one skilled in the art that the 
above-described electronic circuit in Fig. 3 is easy to 
modify and that the same result can be obtained by means 
of various alternative prior-art connections of oscil- 
lators and power amplifiers. 

One example of the connection of the coils is that 
each coil constitutes a part of an oscillation circuit 
consisting of a 0.5 Q resistor, a 127 pF capacitor and a 
200 uH coil, which are connected in series, which oscil- 
lation circuit is fed with alternating current such as 

shown in Fig. 3. 

An alternating gradient field is obtained between 
twc coils which are part of said oscillation circuit 
and applied to an electronic circuit each, as shown in 
Fig- 3, with the difference, however, that the coils are 
fed with 1.0 MHz and 0.9 MHz, respectively. The variation 

20 of the gradient field will be dependent on the difference 
frequency 1.0 MHz - 0.3 MHz . 

Ic is obvious to the one skilled in the art that the 
above -de scribed example is easy to modify and that the 
same result can be achieved by means of various alter - 

25 native connections and coils. 
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1. A device for increasing the thermal and/or 
kinetic energy of magnetically responsible particles, 
characterised in that it contains at least two 
magnetic field generating means, of which at least one is 
a coil, between which means an alternating magnetic gra- 
dient field can be generated in a spatially defined area, 
into which spatially defined area human or animal tissue 
can be introduced, said alternating magnetic gradient 
field causing an increase of the thermal and/or kinetic 
energy of magnetically responsible particles which have 
been added to said tissue, the increased thermal and/or 
kinetic energy of the magnetically responsible particles 
selectively reducing, deactivating or destroying endoge- 
■ nous or exogenous biological structures in said tissue. 

2. A device as claimed in claim 1, charac- 
terised in that one of the magnetic field generat- 

20 ing means is a permanent magnet. 

3. A device as claimed in claim 1 or 2 , char- 
acterised in that it contains at least two coils, 
and that these coils are fed with alternating currents 
having different frequencies and/or amplitudes and/or 

25 phases, or alternatively that said coils are fed with 
either the positive or the negative part of the fed 
alternating current. 

4. A device as claimed in one or more of claims 1-3, 
characterised in that it is equipped with a 
thermostat for careful temperature control of said tis- 
sue, and/or that it is equipped with variable time set- 
tina for careful control of the time during which said 
tissue is exposed to the alternating magnetic gradient 
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field. 

5. A device as claimed in one or more of claims 1-4, 
characterised in that the alternating magnetic 
Gradient field alternates with frequencies of up to 
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30 MHz , and that: the field strength inside said coils 
amounts to at least 10 mT. 

6. A device as claimed in one or more of claims 1-5, 
characterised in that said tissue consists of 

5 a body part or an inner organ or blood, which are re- 
turned "to the host organism after completed exposure to 
the alternating magnetic gradient field. 

7. A device as claimed in one or more of claims 1-6, 
characterised in that said magnetically re- 

10 sponsible particles comprise a core of a metal oxide and 
a coating containing antibodies or parts thereof and have 

a size of 0.1 - 300 nm. 

3. A device as claimed in one or more of claims 1-7, 
characterised in that said magnetically re- 
15 sponsible particles have been added to the host organism 
before the exposure of its tissue to the alternating mag- 
netic gradient field, or alternatively that said magneti- 
cally responsible particles have been added to the tissue 
after the tissue has been temporarily removed from the 

20 host organism. 

9. A device as claimed in one or more of claims 1-8. 
characterised in that said endogenous or ex- 
ogenous biological structures consist of mammal cells, 
malignant cells, plant cells, nerve cells, bacteria, 

?s viruses, cellular organelles, cell membranes, cell walls, 
liposomes, proteins, protozoa, parasites, peptides, 
drugs, toxins, organic compounds, inorganic compounds, or 

combinations thereof. 

10. A device as claimed in one or more of claims 1- 
characterised in that it is intended for 

— r 

in vivo or in vitro use for treating tumour diseases, 
endocrine disorders or infectious diseases. 



2 0 s 



WO 01/17611 



1/3 



1 VI' v^ju^v 





Figur 1 
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Figur 2 
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Figur 3 
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